Abstract: A pot experiment was conducted to evaluate the response of selected species of mycorrhizae for root colonization and phosphorus uptake by maize in an alluvial soil. Of all the species of mycorrhizae taken under consideration, Glomus mosseae was found to perform better in terms of root colonization, number of spores, grain yield and phosphorus uptake. The maximum plant height (28.5 cm), shoot dry weight (19.45 g plant -1
) and root dry weight (4.77 g plant -1
) was also found with the application of G. mosseae. Its application significantly increased the root dry weight by 99.58 and 72.82% over application of G. intraradices and control respectively, and was at par with the application of G. coronatum and Gigaspora decipiens. Application of G. decipiens reported the highest bacterial (39.11 cfu g -1 soil) and fungal count (30.68 cfu g -1 soil) that was found to be at par with application of G. mosseae. Application of G. mosseae significantly increased the actinomycetes population by 44.71 and 55.97% over application of a local mycorrhizal strain and control. Maximum dehydrogenase activity (56.00 g -1 TPF g -1 24 h -1
) and acid phosphatase activity (0.299 mg PNP g -1 h
INTRODUCTION
Mycorrhiza is a mutualistic symbiosis between certain groups of soil fungi and most plant root systems (Schubler et al., 2001 and Hata et al., 2010) . The most publicized benefit of mycorrhiza is the improved growth rate which is mainly due to enhanced phosphorus (P) nutrition. Various mechanisms (e.g. exploration of large soil volume, faster movement of mycorrhizal hyphae and solublization of soil phosphorus) are responsible for increasing the uptake of phosphorus by mycorrhizal plants. Non-nutritional benefits to plants, such as changes in water relations, phytohormone levels, carbon assimilation, secretion of enzymes, increased microbial count in soil, etc. have also been reported, but they are difficult to interpret. Other important roles of mycorrhiza in ecosystems include nutrient cycling (Andrade et al., 1998) . Phosphorus is one of the major essential macronutrients which limit plant growth owing to its low bioavailability in soils (Feng et al., 2004) . Improving plant acquisition of P from soil is an obvious alternative for the management of those low P soils (Zhu et al., 2003) . It is commonly known that arbuscular mycorrhizae (AM), they act as a direct link between soil and roots, AM fungi help plants to capture water and nutrients (especially P) from the soil, and in return, the plant provides the fungus with relatively constant and ISSN : 0974-9411 (Print), 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.ansfoundation.org direct access to carbohydrates (Smith and Read, 2008) , which are translocated from their source to root tissue and on to fungal partners. Soil enzymatic activities regulate the various indices of soil fertility, soil productivity and soil quality (Busto and Perez-Mateos, 1997) . AM fungi can increase soil enzyme activities, such as phosphatase (Mar Vazquez et al., 2000) , dehydrogenase, urease, protease and β-glucosidase (Caravaca et al., 2004) . Mar Vázquez et al. (2000) reported mycorrhizal colonization induced qualitative changes in the microbial population and enzyme activities in the rhizosphere of maize plants.
On the other hand, soil phosphatase and urease are closely related to the P and N nutrition of plants. Thus, the enhancement of soil enzyme activities is one of the physiological and biochemical mechanisms involved in a mycorrhization effect on plant mineral nutrition. Rao and Tak (2001) found that mycorrhizal fungal inoculation resulted in enhanced plant growth, total uptake of N, P and many other nutrients, activities of dehydrogenase, phosphatases and nitrogenase in the rhizosphere in gypsum mine spoil. Owing to the energy and cost-intensive manufacture of chemical fertilizers, use of microbial inoculants to supplement a part of phosphorus requirement has attained immense importance. To get maximum agricultural benefit, inoculation of the soil with suitable type of AM fungi is nec-essary. In view of the above-mentioned possibilities, a pot experiment was conducted for screening the VAM species with respect to their effect on the growth of maize plant and its nutrient acquisition.
MATERIAL AND METHODS
The present study was undertaken to screen the AM fungi for maize crop during the rabi season of 2013-14 with a promising var. DHM-117, at Bihar Agricultural University, Sabour, Bhagalpur, India. Inoculums of the five AM species viz., Glomus mosseae, Glomus coronatum, Glomus intraradices, Gigaspora decipiens and Gigaspora margarita were commercial products of The Energy Resource Institute (TERI), New Delhi, India. The products consisted of fragments of colonized roots and spores of AM fungi in a vermiculite substrate. One uncharacterized local inoculum (control) was collected from the maize and litchi farm of Bihar Agricultural University, Sabour. The substrate used for the experiment consisted of soil from the Bihar Agricultural University, research farm and river bed sand of the Ganges (w/w, 3:1). The soil was collected from the surface (0-15 cm) and passed through a 2.00 mm aperture sieve to remove roots and debris. The river bed sand was thoroughly washed with tap water to remove salt. The substrate mixture was completely sterilized by autoclaving over 1 hr with stepwise increase in temperature till the centre reached 120 o C (kept for 30 minutes). The substrate used for the pot experiment was loamy sand in texture, having a pH of 7.2 and EC of 0.22 dS m -1 . The organic carbon content of the substrate was 0.56%, and the available nitrogen, phosphorus and potassium content was found 180.77, 25.89 and 220.66 kg ha -1 , respectively. Seeds were surface-sterilized by treatment with a 1:1 mixture of H 2 O 2 and absolute ethanol for 2 minutes followed by a treatment with 0.05% HgCl 2 for 1 minute. The sterilizing agents were drained aseptically, and the seeds were washed for 10-12 times in sterile distilled water to remove all traces of the chemicals. Earthen pots of 15 cm height and 30 cm diameter were filled with 10 kg of sterilized substrate. All AM species were maintained in the pots with five replications each. The following treatment structure was formulated for the study: T 1 -G. mosseae, T 2 -G. coronatum, T 3 -G. intraradices, T 4 -G. decipiens, T 5 -G. margarita, T 6 -Local (uncharacterized inoculum) and T 7 -control (without inoculum). About 5 g of the AM inoculum source (containing and 8-10 spores g -1 ) was mixed with the upper 4 cm of the substrate in each pot. In each pot, 4 sterile seeds of maize (var. DHM 117) were planted. Once in every 15 days, each pot was treated with 20ml of Hoagland solution minus phosphate (Hoagland and Arnon, 1938) . One plant from each pot was uprooted after 75 days of sowing. After measuring the shoot height they were kept in a hot air oven to dry at 105ºC for 72 hours until they attained a constant weight.
Samples of roots of the plants with adhering soil were collected at 75 days after sowing (DAS). They were washed repeatedly with sterilized distilled water and fragmented into small segments of 1 cm. The root segments were cleared in 10% KOH and stained with 0.5% Trypane blue by the method given by Phillips and Hayman (1970) . The stained bits were examined and the Arbuscular mycorrhizal colonization in the roots was recorded in terms of per cent root segments showing mycorrhiza formation.The population of AM spores in the rhizospheric soil was estimated by extracting the spores from the root by the washingsieving-decanting method of Gerdemann and Nicolson (1963) . They were examined stereomicroscopically and population was computed in terms of number per 100 g of dry soil. Phosphorus concentration in straw and grain were determined by employing the vanadomolybdate yellow colour method given by Jackson (1973) . Rhizosphere samples were obtained by collecting the soil adhering to the roots. The 10 g of soil samples were placed in an Erlenmeyer flask containing 90 ml of sterilized distilled water, and shaken for 30 min. Ten-fold series dilutions were prepared, and appropriate dilutions were plated in specific media. For the isolation of bacteria, fungi and actinomycetes, the Plate Count Agar, Czapek-Dox Agar (Thom and Raper, 1945) and Kenknight and Munaier's Medium, respectively were used. The numbers of colony forming cells were determined in each plot by serial dilution pour plate method (Subba , 1986) . The activities of three soil enzymes: dehydrogenase activity (Casida et al., 1964) , acid phosphatase and alkaline phosphatase (Tabatabai and Bremner, 1969) were determined. Analysis of variance (ANOVA) was performed as described by Gomez and Gomez (1984) to determine the effects of various treatments. Critical difference (CD) at 5% level of probability and P values was used to examine differences among treatment means.
RESULTS

Colonization and number of spores:
The occurrence and intensity of root colonization in maize are presented in table 1. All the five species including the local species of AM fungi colonized the roots of maize. The root colonization was significantly higher with inoculation of G. mosseae over all the given treatments. The treatment having application of G. coronatum significantly increased root colonization by 22.83, 50.02, 31.66 and 195.23% (Fig. 1a) . The similar trend was observed for P content in grain. Application of G. intraradices significantly increased P content in grain by 73 and 198.27% over local and control. Similarly, application of G. coronatum also numerically increased the P content in grain by 4.89, 11.94, 50 and 158.62% over G. margarita, G. decipiens, local and control, respectively. P uptake in grain and straw: Higher P uptake was recorded with the application of G. mosseae, in both straw (0.065 g plant -1 ) and grain (0.12 g plant -1 ) (Fig.  1b) . However, G. coronatum was quite competitive with G. mosseae with respect to the uptake of P in straw and grain. G. mosseae also gave significantly higher P uptake by straw in comparison with all treatments except G. coronatum. Application of G. coronatum significantly increased P uptake in straw by 53.65, 96.87, 21.14 and 231.57% more than G. intraradices, G. margarita, G. decipiens and local, respectively. A similar trend was observed in the uptake of P by grain. Application of G. decipiens significantly increased straw-P uptake by 62.5, 173.68 and 550% over G. margarita, local and control, respectively. Similarly, application of G. decipiens numerically increased the grain-P uptake by 11.49, 49.23 and 155.26% over application of G. margarita, local and control respectively. Yield and yield attributes Number of cobs per plant: The treatments did not differ significantly from each other for the number of cobs per plant (Table 3) (Table 2) showed that there is an increment in enzymatic activity with application of mycorrhiza as compared to the control treatment. Maximum enzymatic activity viz. dehydrogenase activity (56.00 g -1 TPF/ g/24 hrs) and acid phosphatase activity (0.299 mg PNP/g h) and was observed with application of G. mosseae. The maximum alkaline phosphatase activity (0.565 mg PNP/g h) was found with application of G. coronatum. Application of G. coronatum significantly increased the alkaline phosphatase activity by 9. 
100-seed weight:
The treatments did not differ significantly from each other for the 100-seed weight (Table  4) . However the highest 100-seed weight (26.50 g) was recorded with the application of G. mosseae. Application of G. decipiens increased the 100-seed weight by 9.00, 6.68, 9.00, 11.42 and 13.95 % over G. intraradices, G. coronatum, G. margarita, local and control respectively (Table 3) .
DISCUSSION
Colonization and spore: Higher root colonization was significantly observed in maize after inoculation with G. species. Mycorrhizal fungi differ in their ability to infect and colonize roots. Glomus species has ability to infect and colonize plant roots faster than Gigaspora species, making it highly competitive (Kurle and Pfleger, 1994) . The higher mycorrhizal colonization in maize could be due to strigolactones exuded by host plant roots and taken up by AMF since strigolactones stimulate fungal metabolism and branching (Parniske, 2008) . Successful colonization and functional interaction between host plant and the mycobiont is based on the exchange of signaling molecules at different stages of symbiosis. The role of strigolactones as the key signaling compounds in the interaction between plants and soil-borne symbiotic AMF has been suggested recently (Soto et al., 2010) . Plant growth: Significant differences (p ≤ 0.05) were detected for plant height, shoot dry weight and root dry weight among all treatments as well as when the six mycorrhizal inoculants were analyzed separately. It might be due to AM fungi which increased nutrient acquisition from an organic fertilizer source by enhancing root acid phosphatase (ACP) and alkaline phosphatase (ALP) activity thus facilitating P acquisition, increasing photosynthesis, and improving plant growth (Carpio et al., 2009) . AMF promotes plant growth by bringing morpho-physiological and biochemical changes in host plants. AMF causes modification in root morphology so as to mediate water and mineral uptake (Alqarawi et al., 2014; Abeer et al., 2015) . The G. mosseae isolate provided the highest improvement with respect to the plant height, shoot dry weight and root dry weight of maize plant. G. margarita provided significantly less growth benefit than G. coronatum, G. mosseae and G. decipiens isolates. Results presented in Table 1 indicate that different isolates of the same genus may be distinct in their interaction with the same plant types. Isolates from the genus Glomus provided consistently greater growth benefit than the genus Gigaspora as well as the uncharacterized inoculum cultured from the litchi orchard soil used in the experiment. It may be justified by the fact that the inoculation of VAM enhanced the mitotic activity of stem cells resulting in taller plants and more availability of phosphorus for absorption by roots. The different genera of mycorrhiza isolates differ in the production of strigolactones which are a novel class of phytohormones involved in the regulation of shoot branching in plants and are secreted by plant roots for stimulating the presymbiotic growth of AMF. With the identification of strigolactones as the branching factor, not only its production, exudation into the rhizosphere and perception by the AMF but also its specific action in arbuscular mycorrhizal symbiosis (AMS) can now be explored in detail (Bucher et al., 2009) . Microbial soil properties: Root structure and functions change due to mycorrhizal infection. Possible VAM induced changes in root exudates and the rhizosphere population, as well as possible physical barriers and chemical inhibitors from AM fungi may have practical implications in the biological control of some plant disease causing organisms. In addition to stimulating Rhizobium, VA mycorrhiza also influences rhizospheric bacteria beneficial to the plant. Some bacteria survive for a longer time under mycorrhizal infection than in non-mycorrhizal plants. Similarly, after colonization on plant roots with AM fungi, the quantity of rhizospheric microbes significantly increased (John, 2001) . The number of both rhizospheric bacteria and actinomycetes enhanced when plant formed mycorrhizae, while the dominant species composition also changed (Secilia and Bagyaraj, 1987) . There may be two pathways for AM fungi to change microbe community structure, the first one is that the AM fungal hypha secretion directly impacts microbe community structures; the another one is that both AM fungi in roots and on the roots alter plant physiological and biochemical processes, then directly or indirectly change the plant root secretion (Badri and Vivanco, 2009) , thus alter those structures (Zhu et al., 2005) . In this experiment, we further observed that activities of soil dehydrogenase, acid phosphatase and alkaline phosphatase in maize rhizospheric soils gradually increased when compared with control. It might be due to inoculation with AM fungi enrich soil microbe quantities, equilibrate proportion of various microbes, maintain a stabilization of proper proportion of the microbes, enhance soil carbon, nitrogen, and phosphorous cycling power, thus improve the soil enzyme ac-tivity. Our results of increased activities of alkaline and acidic phosphatases in AMF inoculated plants. The similar type of findings was reported in Fraxinus rotundifolia (Kebradadi et al., 2014) , Ipomoea carnea (Amaya et al., 2009) , and Chrysanthemum indicum (Prasad et al., 2012) . Sunflower under cadmium (Cd) stress, Cd reduced the plant photosynthesis rate, growth, chlorophyll contents and cell membrane stability whereas, in AMF inoculated plants showed higher activities of acid and alkaline phosphatases which improved the plant growth, photosynthesis rate and cell membrane stability and reduced the Cd stress . Gianinazzi et al. (1979) suggested that ALP production in mature intra-radical arbuscules led to polyphosphate breakdown. ACP can enhance release of inorganic phosphorus from organophosphates. P content in straw and grain: Phosphorus content in straw and grain was found to be highest under G. mosseae inoculation (Fig.1a) . It might be due to the solubilization of unavailable phosphorus and increase in phosphorus uptake through plants root since mycorrhiza is responsible for increase in the surface area of roots. About 95-99% of the total P in soil exists in insoluble form unavailable to plants. The remaining soluble P is mostly present on exchangeable sites in equilibrium with the small amount of P in the soil solution. Therefore any solubilization of insoluble P by AM fungi significantly adds to the available pool. These results corroborate with the results of Gui et al. (2011) who reported that inoculation of G. mosseae significantly increased plant P concentration over uninoculated maize plants. P uptake: P uptake was found to be higher with the application of G. mosseae, than G. coronatum and G. decipiens (Fig.1b) . AMF induced enhancement in phosphatase activity could possibly mediate the release of organically bound phosphorous and hence increasing transport and uptake of phosphorous in AMF inoculated plants. Increased activity of phosphatases has direct bearing with the phosphorus metabolism. Bhadraiah et al. (1999) observed a high degree of correlation between phosphorous uptake and activity of phosphatases. Earlier studies by Bethlenfalvay (1993) also show that different species and strains of AMF differ in their effectiveness in increasing nutrient uptake and plant growth. The pattern of extra-and intra-radical forms of AMF hyphae can also justify the difference in phosphorus acquisition among the AMF isolates. Hence, the level of development of extra-radical mycelium in the soil is a major determinant of the efficiency of AMF for phosphorus uptake (Rakshit and Bhadoria, 2009) . Similar results indicating that phosphorus uptake by mycorrhizal plants fluctuate with fungal isolates and genetic variability; have also been found on soybean cultivars (Diop et al., 2003) . The nitrogen and phosphorus transfer to the maize plants may also be a consequence of the competitive demand for the nutrients, with both host plant and fungus evolving transporters to take advantage of the localized increase in nutrients.
Yield:
The yield and yield attributes increased significantly over control with the inoculation of AM species. Studies conducted by Sabia et al. (2015) also revealed a significant effect of AM inoculation on dry matter yield and quality of forage maize cultivated within a low input system. This might be due to enhanced nutrient uptake by the roots. Since immobile ions in soil like phosphate lead to formation of a zone of phosphate depletion around roots in phosphate deficient soils mycorrhizal growth helps the roots to absorb phosphate ions much faster which are replenished at the root surface by diffusion. The AM hyphae attached to the roots extend beyond this depletion zone and promote nutrient translocation from the soil to the plants through the root cortex.
Conclusion
The inoculation with AM fungus enhanced the population of soil bacteria, fungi and actinomycetes and also improved soil dehydrogenase, acid phosphatase and alkaline phosphatase activities as compared to the control. It also contributed to relative better plant growth and higher uptake of phosphorus. As evident from the results, the AM fungal inoculation can effectively modify the soil microbe population and community structure by increasing the soil enzymatic activities and plant phosphorus uptake.
